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Ginkgo biloba extract for dementia: a systematic review 
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Background: Given the increasing burden of dementia internationally and the lack of effective treatments, several 
countries are already recommending the use of ginkgo biloba extract (GbE) in the treatment of dementia, despite the 
inconsistent research results about its effectiveness. 

Aim: Conduct a meta-analysis of studies about the effect of GbE on cognition and daily functioning in persons with 
dementia. 

Methods: Searches of various English and Chinese databases identified reports of placebo controlled, randomized trials 
of ginkgo biloba treatment (lasting a minimum of 22 weeks) for dementia that were published from January 1982 to 
September 2012. Data extraction and critical appraisal of studies were conducted using the GRADE system. Heterogeneity, 
sensitivity and potential publication bias of the studies were evaluated using RevMan 5.1. Pooled results of the meta- 
analysis were presented as forest plots using standardized mean differences (SMD) in scores for continuous variables and 
relative risk (RR) for categorical variables. 

Results: Nine studies with a total of 2578 patients met the inclusion and exclusion criteria. Pooled results from the six 
studies that were included in the meta-analysis (total n=1917) found that GbE was superior to placebo in preventing 
deterioration in cognitive functioning and in activities of daily living, but these results were only valid for studies with 
younger subjects (with a mean age below 75). There were no significant differences in the dropout rates between groups 
or in the overall rates of adverse events during treatment. However, there was considerable heterogeneity in the results 
between the studies (primarily based on the age of the subjects) and there were several potential biases in the reports (most 
of which were supported by pharmaceutical firms), so the overall evidence was considered of 'low quality 7 . 

Conclusion: This meta-analysis highlights serious weaknesses in the available studies about this important problem. GbE 
may be effective in persons under 75 years of age with dementia, but large, placebo controlled, randomized trials focused 
on milder forms of dementia (including mild cognitive impairment) that compare different doses of GbE and that follow 
subjects for prolonged periods (at least one year) are needed to confirm this result. 



1. Background 

Dementia, including Alzheimer's disease, vascular 
dementia, and Parkinson's disease, is a syndrome 
characterized by impaired memory and cognition 
associated with decrements in occupational and social 
functioning. The prevalence of dementia, which 
increases with age, is between 0.46 to 7.0% in the 
elderly. [3] The etiology of dementia remains unknown. 
Despite decades of intensive research, there are still no 
effective treatments. [4 5] 

The main active ingredients of ginkgo biloba extract 
(GbE) are flavonoids (including meletin, kaempferol 
and isorhamnetin) and laetones (including ginkgolides 



and bilobalide). GbE can remove free radicals, protect 
the endothelial cells of blood vessels, block platelet 
activating factors, and improve brain circulation. [67] GbE 
has been widely used in the treatment of dementia, 
cognitive impairment, peripheral nerve problems, and 
vascular tinnitus. [8] However, clinical studies about the 
efficacy of GbE in the treatment of dementia have been 
inconclusive: some studies report beneficial effects on 
cognition and functioning, [910] while others do not. [81112] 
The current study aims to help resolve this issue by 
conducting a meta-analysis of all studies available in 
the international and Chinese literature that evaluate 
the effect of GbE on cognitive functioning and on daily 
functioning in persons with dementia. 
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2. Methods 

2.1 Search strategies 

Studies on the treatment effect of GbE for dementia, 
published between January 1982 and September 2012, 
were searched for in the following databases: Pubmed, 
Embase, the Cochrane Library, ISI Web of science, Chinese 
Biological Medical Literature Database (CBM), Chinese 
National Knowledge Infrastructure (CNKI), Chinese 
Technical Periodicals (VIP) and Wanfang Database. Key 
words used for the search were 'ginkgo biloba', and 
'dementia' in English and Chinese. We also used other 
terms for ginkgo biloba in the search, including 'EGb 
761' and the commercial names 'Tanakan', 'Tebonin', 
'Rokan', and 'Ginkoba'. The reference lists of identified 
articles were checked for other potential studies. 

2.2 Inclusion and exclusion criteria 

A study was included if it was a randomized 
controlled trial and study participants were diagnosed 
with Alzheimer's disease, vascular dementia, or 
mixed dementia according widely accepted criteria. 
(Acceptable diagnostic criteria were those specified by 
the International Classification of Diseases [ICD], the 
Diagnostic and Statistical Manual of Mental Disorders 
of the American Psychiatric Association [DSM], the 
National Institute of Neurological and Communicative 
Disorders and Stroke and the Alzheimer's Disease and 
Related Disorders Association [NINCDS-ADRDA], the 
National Institute of Neurological Disorders and Stroke 
and Association Internationale pour la Recherche et 
I'Enseignement en Neurosciences [NINDS/AIREN], and 
the Chinese Classification of Mental Disorders [CCMD]). 

Studies were excluded if: a) they were animal 
studies; b) they were reviews, conference presentations, 
or unpublished reports; c) they were duplicated reports; 
d) other cognitive boosting medications were used as 
adjunctive treatments; e) there was no placebo control; 
or f) there was no control group. There was no restriction 
on the dosage or method of administration for GbE. The 
control group had to receive some form of placebo. The 
minimum duration of treatment was set at 22 weeks 
because six months is a widely accepted observational 
period to assess the effect of treatments for dementia. [13] 

Cognitive outcomes were assessed using the 
Syndrom-Kurz tests (SKT), the Mini-Mental State 
Examination (MMSE), and the Alzheimer Disease 
Assessment Scale-Cognitive (ADAS-cog). Daily func- 
tioning was assessed using the Activities of Daily 
Living scale (ADL). Secondary assessments included 
administration of the Neuropsychiatric Inventory 
(NPI), analysis of study dropouts, and recording of the 
prevalence, persistence and severity of adverse effects. 



2.3 Evaluation of the quality of studies 

We evaluated the quality of included studies based 
on criteria specified in the Cochrane handbook (5.1.0) 
[14] and GRADE. [15] Two researchers (JL and SL) extracted 
data independently from each included study and then 
compared their results. When discrepancies occurred, 
they discussed their differences and came to a consen- 
sus opinion; if necessary, a third researcher was asked 
to resolve any remaining differences. When possible, 
authors were contacted if the information was not clear 
or insufficient in the original article. 

2.3. 1 Evaluation of risk of biases 

The risk of biases was assessed using the method 
recommended by the Cochrane Collaboration. [14] The 
characteristics evaluated included the following: a) 
randomization process; b) allocation concealment; c) 
use of blinding; d) completeness of results; e) selective 
reporting; and f) other potential risks that may harm the 
validity of the study. Based on all available information, 
each study was assigned to one of the three categories: 
'low risk' when the risk of bias was low, 'high risk' when 
the risk of bias was high, or 'unclear risk' when the risk 
of bias was uncertain. 

2.3.2 Evaluation of quality of evidence 

The method recommended by GRADE [15] was used 
to categorize the quality of evidence provided in each 
report into one of four levels: a) 'high quality,' when 
further research will not change the validity of the 
current evaluation of the treatment; b) 'medium quality,' 
when further research will likely change the validity 
of the current evaluation of the treatment; c) 'low 
quality,' when further research is very likely to change 
the validity of the current evaluation of the treatment; 
and d) 'very low quality,' when the treatment effect is 
unclear. GRADEpro software was used to edit, analyze, 
and graph the level of evidence. [16] 

Evidence from randomized controlled trials is initially 
considered of high quality but several factors can 
downgrade the quality of evidence: study limitations, 
inconsistent results, indirect evidence, imprecise results, 
and reporting bias. 

2.4 Data extraction 

EndNote X5 software was used to manage the 
data extraction process. A data extraction table was 
constructed and two researchers extracted and double- 
checked the data from the included articles. Abstracted 
information included: a) general information about the 
article such as the title of the study, the first author, and 
the year of publication; b) demographic characteristics 
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of study participants such as mean age, sex ratio, 
inclusion and exclusion criteria, and so forth; and c) 
study methods such as the intervention, the baseline 
assessment, the duration of treatment, the number of 
participants in each group, and the main and secondary 
outcome variables. 

2.5 Data analysis 

RevMan 5.1 statistical software was used to 
conduct the meta-analysis. Quantitative variables were 
summarized via standardized mean differences (SMD); 
qualitative variables were summarized using relative 
risk (RR). Pooled results were presented using forest 
plots. Heterogeneity across studies was tested for each 
outcome measure to determine which model would be 
used to pool the results: [17] when I 2 was less than 50% and 
p>0.1, studies were considered homogeneous and the 
fixed-effect model was used; in all other cases studies 
were considered heterogeneous so a random-effect 
model was used and the cause of the heterogeneity 
was investigated using subgroup analysis or meta- 
regression. Sensitivity analysis was conducted to assess 
the stability of the results and funnel plots were used to 
assess the possibility of publication bias. 



3. Results 

3.1 Results of literature search and characteristics of 
included studies 

The study selection process is shown in Figure 1. A 
total of 1142 potentially relevant studies were identified, 
331 (29%) of which came from China. 

Nine studies published by October 2012 met our 
pre-defined inclusion and exclusion criteria. Three 
studies from Germany were excluded because the 
duration of treatment was less than 22 weeks: the 1997 
study by Maurer and colleagues [18] treated 20 patients 
for 12 weeks; the 1996 study by Haase and colleagues [19] 
treated 40 patients for 4 weeks; and the 1991 study by 
Halama [20] treated 50 patients for 12 weeks. A 2009 study 
by Yancheva and colleagues [21] was excluded because 
it did not include a placebo control group. Among the 
331 studies from China, only 22 were clinical studies 
and none of them met inclusion criteria for the meta- 
analysis: in 19 studies subjects were treated for less than 
22 weeks, in 17 studies there was no placebo control 
group, and in 10 studies GbE was used in combination 
with some other medication. Of the 22 studies, 9 had all 



Figure 1. Identification of articles for inclusion 



Search PubMed, ISI Web of science, EMBase, the Cochrane Library, Elsevier 
ScienceDirect, CBM, CNKI, VIP, and WangFan using 'ginkgo triloba' (and related trade 
names), and 'dementia' as keywords in both English and Chinese for studies 
published before October 2012 



T 



1142 articles 



Exclusion criteria 



animal studies 

reviews, conference presentations, and unpublished reports 
duplicated reports of same study 
studies without placebo controls 

studies using combined treatment with other medications 



Inclusion criteria 



randomized controlled trial 

subjects diagnosed with AD, VaD, mixed dementia using 
widely accepted criteria 

treatment group used GbE and control group used placebo 
for at least 22 weeks 

outcome assessed using widely accepted measures of 
cognitive and social function 



9 articles included in meta-analysis 



CBM, Chinese Biological Medical Literature Database AD, Alzheimer's disease 
CNKI, Chinese National Knowledge Infrastructure VaD, vascular dementia 
VIP, Chinese Technical Periodicals GbE, ginkgo biloba extract 
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Table 1. Characteristics of the nine included studies 



Study 


Inclusion 
criteria 


Duration 
(weeks) 


Treatment 
method 


n 


Age 
mean (sd) 


Sex Ratio 
(M/F) 


Baseline value of primary outcome 
mean (sd) 


Le Bars 

2000 [24] 


age>45; AD or MID by ICD-10 and 
DSM-III-R; MMSE=9-26; GDS=3-6 


52 


placebo 


155 
154 


69 (10) 
69 (10) 


76/79 
67/87 


MMSE 

21.1(5.8) 
21.2 (5.5) 


ADAS-cog 

20.0 (16.0) 
20.5 (14.7) 


ADL 

no report 
no report 


Dongen 

2003 [30] 


age>50 years; AD, VaD, by DSM-III-R 
and ICD-10 or AAMI by Crook criteria; 
SKT= 8-23 


24 


GbE 160mg/d 
GbE 240mg/d 
placebo 


40 
39 
44 


82.6 (5.1) a 
82.5 (5.8) 


ll/68 a 
8/36 


MMSE 

18.0 (4.9) a 
18.7 (4.6) 


SKT 

15.6(4.1) a 
14.1 (4.6) 


ADL 

44.3 (7.2) a 
42.0 (8.5) 


Kanowski 
2003 [28] 


age>55; AD or MID by DSM-III-R; 
SKT=6-18; MMSE=13-25; MADRS<41 


24 


GbE 240mg/d 
placebo 


106 
99 


72 (10) 
72 (10) 


34/72 
29/70 


SKT 

no report 
no report 


ADL 

21.5 (3.8) 
21.1(3.7) 




Schneider 
2005 [25] 


age>60; AD by DSM-IV or probable 
modified Hachinski Ischemic Score <4 


zo 


GbE 120mg/d 
GbE 240mg/d 
placebo 


169 
170 
174 


78.6 (7.0) 
78.1 (7.0) 
77.5 (7.4) 


85/84 
74/96 
85/90 


ADAS-cog 

24.7(11.9) 
24.8(12.7) 
25.0(11.1) 


ADL 

2.4 (0.6) 
2.4 (0.5) 
2.4 (0.6) 




Mazza 

2006 [22] 


50-80 years of age; AD by DSM-IV; 
Brief Cognitive Rating Scale=3-5; 
HIS<4; IQ>80; SKT=8-23; MMSE=13-25 


24 


GbE 160mg/d 
placebo 


25 
26 


66.2 (6.0) 
69.8 (3.0) 


12/13 
10/16 


MMSE 

18.8(3.6) 
18.8 (3.6) 


SKT 

16.5 (3.1) 
15 9 (3 9) 


.... 


Napryeyenko 

2007 [29] 


age>50; mild to moderate AD with or 
without CVD or VaD using NINCDS/ 
ADRDA and NINDS/AIREN; NPI-12>5; 
SKT=9-23; CDT<6; HAMD17<20 


22 


GbE 240mg/d 
placebo 


198 
197 


65 (8) 
63 (8) 


55/143 
55/142 


SKT 

15.6(3.9) 
15.4(3.7) 


NPI-12 

21.3 (9.5) 
21.6(9.9) 


ADL 

4.8 (3.9) 

4.9 (4.1) 


McCarney 

2008 [231 


age>55; clinical diagnosis of dementia 

Uolllg UJWl IV, I VI I VIO t— ±£. £-\J 1 V-CI 1 C gIVCI 

available 


24 


GbE 120mg/d 
placebo 


00 00 
00 00 


79.3 (7.8) 
79.7(7.5) 


37/51 
32/56 


MMSE 

23.0(14.2) 
22.0(14.2) 


ADAS-cog 

20.4 (8.2) 
25.0(10.3) 




Ihl 

20HI27] 


age>50; mild to moderate AD with or 
without CVD or VaD using NINCDS/ 
ADRDA and NINDS/AIREN; NPI-12>5; 
SKT=9-23; CDT<6; HAMD17<20 


24 


GbE 240mg/d 
placebo 


202 
202 


65 (10) 
65 (9) 


63/139 
69/133 


SKT 

16.7(3.9) 
17.2(3.7) 


NPI-12 

16.4 (8.1) 
17.0 (8.2) 


ADL 

1.9 (0.6) 
2.0 (0.5) 


Herrschaft 

2012 [26] 


age>50; mild to moderate AD with or 
without CVD or VaD using NINCDS/ 
ADRDA and NINDS/AIREN; NPI-12>5; 
SKT=9-23; CDT<6; HAMD17<20 


24 


GbE 240mg/d 
placebo 


200 
202 


65.1(8.8) 
64.9 (9.4) 


61/139 
62/140 


SKT 

15.1(4.1) 
15.3 (4.2) 


NPI-12 

16.8(6.9) 
16.7 (6.4) 


ADL 

1.7 (0.6) 

1.8 (0.6) 



"combined value for low dosage and high dosage groups 
AAMI, age associated memory impairment 
AD, Alzheimer's disease 

ADAS-cog, Alzheimer disease assessment scale (cognitive) 

ADL, activities of daily living 

CDT, clock drawing test 

CVD, Cerebral Vascular Disease 

DSM-III-R, Diagnostic and Statistical Manual (3rd edition, revised) 

DSM-IV, Diagnostic and Statistical Manual (4th edition) 

GbE, ginkgo biloba extract 

GDS, Global Deterioration Scale 

HAMD, Hamilton depression rating scale 

HIS, Hachinski ischemic scale 

ICD-10, International Classification of Diseases (10th edition) 



IQ, Intelligence Quotient 

MADRS, Montgomery-Asberg Depression Rating Scale 
MID, multi-infarct dementia 
MMSE, mini-mental state examination 
NINCDS/ADRDA, National Institute of Neurological and 

Communicative Disorders and Stroke and the Alzheimer's Disease 

and Related Disorders Association 
NINDS/AIREN, National Institute of Neurological Disorders and Stroke 

and Association Internationale pour la Recherche et 

I'Enseignement en Neurosciences 
no report, no baseline value provided 
NPI-12, 12-item version of Neuropsychiatric Inventory 
SKT, Syndrom-Kurz test 
VaD, vascular dementia 
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three of these problems, 6 had two of these problems, 
and 7 had one of these problems. 

A total of 2578 patients with dementia were enrolled 
in the nine identified studies, [22 30] including 1392 who 
received GbE and 1186 who received a placebo. In three 
studies [22 24] the daily dosage of GbE was under 200 mg, in 
four studies [26 29] it was over 200 mg, and two studies [25 ' 30] 
had both a low-dose and a high-dose subgroup. The 
duration of treatment was 52 weeks in one study [24] 
and between 22 and 26 weeks in the other eight 
studies. [22 ' 23 ' 25 30] Table 1 provides a description of the 
sample size, inclusion criteria, duration of treatment, 
sex ratio, and outcome measures of all included studies. 

3.2 Changes in cognitive functioning 

For studies that assessed multiple measures of 
cognitive functioning, SKT was chosen as the outcome 
measure if it was assessed, if SKT was not assessed 
MMSE was chosen, and if neither SKT nor MMSE were 
assessed ADAS-cog was chosen. Eight of the nine studies 
provided before-versus-after changes in cognitive 
measures; [22 ' 24 30] the 2008 McCarney study [23] only prov- 
ided endpoint scores. The 2006 study by Mazza [22] had 
some apparent computational errors in the tables so it 
was excluded. And the result of the 2007 Napryeyenko 
study [29] was very different from that of the other studies 
so it was also excluded from the analysis; it had a SMD 
more than twice as large as that of the study with the 
next largest SMD (SMD=-1.91, 95%CI= -2.15, -1.67 and I 2 



changed from 97% to 84% when the study was removed). 
This left the six studies shown in the forest plot of the 
results in Figure 2, subgrouped into four studies in which 
the mean age of subjects was under 75c 24 ' 26 - 28 ] and two 
studies in which the mean age of subjects was over 
75 [25,30] j ne resu |t s showed that GbE was significantly 
better in improving cognitive function than placebo in 
the younger age group but not in the older age group. 
Within each of the age strata the results of the studies 
were homogeneous. When combining results from 
both age strata there was an overall beneficial effect 
for treatment with GbE, but there was significant 
heterogeneity across the six included studies due to 
significant differences between the two age strata. 

A parallel analysis based on the same six studies 
of five groups of subjects that received high doses of 
GbE and three groups of subjects that received low 
doses of GbE (two studies had high-dose and low-dose 
subgroups) found that GbE was significantly better than 
placebo at improving cognitive functioning at higher 
doses but not at lower doses, though the differences 
in results between the high-dose and low-dose strata 
were not statistically significant (Figure 3). The results 
within both of the dosage strata were heterogeneous, 
possibly because each strata included samples with both 
high and low mean ages. The pooled effect in all eight 
samples included in the analysis showed a significant 
advantage for GbE, but the results for the eight samples 
were heterogeneous. 





Ginkgo 


Placebo 






Std. Mean Difference 


Std. Mean Difference 


Study or Subgroup 


Mean SD Total 


Mean SD 


Total 


WeiflMt 


IV. Random. 95% CI 


IV. Random. 95% CI 


Mean age 60 75 
















Le Bars 2000 [24] 


-0 3 5.31 136 


1 5.27 


134 


168% 


-0.251-0.48,-0.01] 






Kanowski 2003 [28] 


-21 31 106 


•1 3.5 


99 


15.9% 


-0.33 HO 61. -0 06] 






Ihl 2011 [27] 


-1 4 2.9 202 


0.3 29 


202 


17 8% 


-0.591-0.78,-0 39] 






Herrschaft2012[26] 


-2.2 3 59 200 


•0.3 4 32 


202 


17 8% 


-0.48 1-0.68, -0 28] 






Subtotal (95% CI) 


644 




637 


68.3% 


-0.431-0.58, 0.281 


♦ 




Heterogeneity: Tau*= 


0 01. Chi a = 5 30, df= 


3(P = 0.15);P 


= 43% 










Test for overall effect: 2= 5 58 (P < 0.00001 ) 














Mean age >75 
















Dongen 2003 [30] 


0.8 4.1 79 


1.2 3.8 


44 


135% 


•010|-0.47,0.27| 






Schneider 2005 [25] 


1.45 5.65 339 


0.9 5.6 


174 


18.2% 


0 101-0 09.0 28] 






Subtotal (95% CI) 


418 




218 


31.7% 


0.06 [-0.1 1,0.22] 


- 


► 


Heterogeneity: Tau*= 


0.00, Chi»= 0 88. df= 


1(P = 0.35);P 


= 0% 










Test for overall effect: Z = 0.70 (P = 0.48) 














Total (95% CI) 


1062 




855 


100.0V 5 


-0.28[-0.51,-0.05| 







Heterogeneity: Tau 2 = 0.07. Chi a = 30.32. df= 5 (P < 0.0001); f*= 84% 
Test for overall effect: Z= 2.35 (P = 0.02) 

Testfor subgroup differences: Chi*= 18.31 df= 1 (P < 0.0001V P= 94.5% 



-2 



0 1 2 
Favours experimental Favours control 



Figure 2. Comparison of the change in cognitive scores among patients with dementia after 22 to 52 
weeks of treatment with ginkgo biloba extract versus placebo (subgroup analysis according 
to mean age of group members) 
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Study or Subnroup 



Ginkgo 
Mean SD Total 



Placebo 
Mean SD Total 



Std. Mean Difference 
Weight IV, Random. 95% CI 



Std. Mean Difference 
IV. Random. 95% CI 



Ginkgo biloba dose >200mg day 

Dongen 2003 [30] 1 3.9 39 1.2 3.8 22 8.0% 

Kanowski 2003 [28] -2 1 3.1 106 -1 3.5 99 13.1% 

Schneider 2005 [25] 1.3 5.5 170 0.9 5.6 87 13.5% 

Ih! 2011 [27] -1 4 2.9 202 0.3 2.9 202 14.9% 

Herrschaft2012[26) -2.2 3.59 200 -0.3 4.32 202 14.9% 

Subtotal (95% CI) 717 612 64.4% 

Heterogeneity: Tau'= 0.06; ChP« 18.34, df = 4 (P = 0.001); P= 78% 
Test for overall effect: Z = 2.38 (P = 0.02) 



Ginkgo biloba dose <200mg/day 

Le Bars 2000 [24] -0.3 5.31 136 
Dongen 2003 [30] 0.7 4.4 40 
Schneider 2005 [25] 1.6 5 8 169 
Subtotal (95% CI) 345 
Heterogeneity: Tau'= 0.03; Chi*= 4.18, df = 
Test for overall effect: Z= 0.57 (P = 0.57) 



1 

1 2 
09 



5.27 
3.8 
5.6 



134 
22 
87 
243 

2(P = 012),P=52% 



14.0% 
81% 
13.5% 
35.6% 



Total (95% CI) 1062 855 100.0 . • 

Heterogeneity: Tau*= 0.06; Chr*= 30.53, df= 7 (P < 0.0001); P= 77% 

Test for overall effect: Z = 2.1 6 (P = 0.03) 

Test for subgroup differences. Chi 2 = 1 .53. df = 1 (P = 0.22V P = 34.8% 



-0.05^57,0.47] 
-0.33 [-0.61,-0.06] 
0.07 [-0 19, 0.33] 
-0 591-0 78,-0.39] 
•0 481-068,-0.28) 
0.301-0.55, 0.051 



-025 (-0.48. -001) 
•01 2 [-0 64, 0 40] 
0.121-014,0.38] 
•0.08 1 0.34, 0.18| 



-0.22( 0.43, -0.02] 



-2-10 1 2 
Favours experimental Favours control 



Figure 3. Comparison of the change in cognitive scores among patients with dementia after 22 to 52 
weeks of treatment with ginkgo biloba extract versus placebo (subgroup analysis according 
to mean daily dose of ginkgo biloba extract) 



3.3 Changes in activities of daily living 

The results for the activities of daily living (ADL) 
measure were quite similar to those for cognitive 
functioning. Three studies were excluded from the 
final analysis: the 2008 McCarney study [23] did not 
provide before versus after change values, the 2006 
Mazza study [22] had apparent computational errors, 
and the result of the 2007 Napryeyenko study [29] was 
quite different from that of the other studies resulting 
in high heterogeneity (SMD=-1.09, 95%CI=-1.31, -0.88 
and I 2 changed from 91% to 62% when the study was 
removed). The remaining four studies with younger 
subjects (i.e., mean age under 75 years of age) showed 
significant improvement with GbE while the two studies 
with older subjects (i.e., mean age over 75 years of age) 
did not show improvement (Figure 4). Similar to the 
results for cognitive functioning, ADL results within each 
of the two age strata were homogenous but the results 
were significantly different between the two age strata. 
When pooling results from all six studies there was a 
significant advantage for treatment with GbE versus 
placebo, but the results were heterogeneous because of 
the differences by age. The five groups of subjects that 
received higher doses showed significant improvement 
in ADL, but the results were heterogeneous across the 
five groups, presumably because the high-dose strata 
included samples with both high and low mean ages. 



The results for the three groups of subjects receiving 
low doses were homogeneous but they did not show 
an advantage for treatment with GbE. There was no 
statistically significant difference in the results for the 
two dosage strata. The pooled results for the eight 
groups of subjects showed a significant advantage of 
GbE over placebo and the results for the eight groups of 
subjects were homogeneous (l 2 =46%, p=0.07) (Figure 5). 

3.4 Secondary outcomes 

3.4. 1 Neuropsychiatric inventory (NPI) score 

Three studies [26 ' 2729] reported changes in the NPI 
scores after treatment. Similar to the findings for the 
main outcome measures, sensitivity analysis found 
that the NPI result for the 2007 Napryreyenko study [29] 
was significantly different from those of the other two 
studies so it was excluded from the pooled analysis. The 
pooled results from the two remaining studies indicated 
that GbE resulted in significantly greater improvement 
in neuropsychiatric status than placebo (SMD= -0.44, 
95% Cl= -0.58 ~ -0.30, p<0.001, total n=806). 

3.4.2 Loss to follow-up 

Eight studies [22 29] reported loss to follow-up. No 
heterogeneity was found between the studies (p=0.84, 
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Figure 4. Comparison of the change in scores in activities of daily living (ADL) among patients with 
dementia after 22 to 52 weeks of treatment with ginkgo biloba extract versus placebo 
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Figure 5. Comparison of the change in scores in activities of daily living (ADL) among patients with 
dementia after 22 to 52 weeks of treatment with ginkgo biloba extract versus placebo 
(subgroup analysis according to mean daily dose of ginkgo biloba extract) 
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\ 2 =0%). Pooled results from the fixed-effect model found 
no differences in loss to follow-up between the GbE 
group and the control group (RR=1.06, 95% Cl=0.88- 
1.29, p=0.53, total n=2492). 

3.4.3 Evaluation of the safety of GbE 

The number of patients experiencing an adverse 
event during treatment was reported in six studies and 
the number experiencing a 'serious' adverse event was 
reported in three studies. A total of 57.6% (694/1204) 
of subjects in the GbE group and 57.8% (597/1032) in 
the control group experienced an adverse event; 5.2% 
(37/705) of those in the GbE group and 6.0% (32/535) in 
the control group experienced a serious adverse event. 
No heterogeneity was found across studies. Results from 
the fixed-effect model found no statistically significant 
difference in the occurrence of an adverse event 
(RR=0.97, 95% 0=0.91-1.04, p=0.38, total n=2236) or 
in the occurrence of a serious adverse events (RR=0.81, 
95% Cl= 0.51-1.29, p=0.36, total n=1240). 

Based on the results of five studies, 10.9% (122/1116) 
of patients in the GbE group experienced headaches 
during treatment and 6.0% (67/1116) experienced 
dizziness; in the control group 16.5% (156/944) 
experienced headaches and 10.3% (97/944) experienced 
dizziness. Based on the results of three studies, 3.1% 
(23/745) of patients in the GbE group and 7.8% (45/578) 
of patients in the control group experienced tinnitus 
during treatment. There was no heterogeneity in these 
results between studies so a fixed-effect model was 
used to compare the pooled prevalence of these adverse 
events in the two groups. All three adverse events were 
reported significantly less frequently in the GbE group 
than in the control group: headaches (RR=0.74, 95% 
CI=0.60-0.92, p<0.01, total n=2060); dizziness (RR=0.54, 
95% CI=0.30-0.97, p=0.04, total n=2060), and tinnitus 
(RR=0.39, 95% Cl= 0.24-0.65, p<0.01, total n=1323). 



There were no statistically significant differences 
between the GbE group and the control group in the 
occurrence of respiratory tract infections (RR=1.09, 
95% Cl= 0.78-1.52, p=0.62, from 4 RCT, total n=1733), 
diarrhea (RR=0.93, 95% Cl=0.56-1.54, p=0.77, from 2 
RCT, total n=810), or increased blood pressure (RR=0.73, 
95% 0=0.47-1.15, 0=0.17, from 3 RCT, total n=1220). 

3.5 Publication bias 

The funnel plots for the results of the seven 
studies (including the 2007 Napryeyenko study [29] ) that 
reported before versus after change scores in cognitive 
functioning and in activities of daily living are shown 
in Figure 6. Both funnel plots are clearly imbalanced, 
suggesting a publication bias in favor of positive results. 
However, it is usually recommended that ten or more 
studies be available before a definitive conclusion about 
publication bias can be made, so this result may be 
considered suggestive of publication bias, not definitive 
evidence of publication bias. 

3.6 Quality of the studies 

As shown in Table 2, one of the nine studies did not 
describe the process of randomization, three studies did 
not describe how assignment was concealed, one study 
did not explain the blinding procedures, four studies 
did not describe cases lost to follow-up, six studies 
were sponsored by pharmaceutical companies, and the 
authors of two studies were employees of the sponsor. 
Overall, all the studies were considered at 'high risk' of 
bias. 

The quality of the evidence for the two main 
outcomes - change in cognitive functioning and change 
in activities of daily living - was evaluated using data 
from the seven studies (total n=2312) that provided 
before versus after change values for each outcome. [24 30] (The 
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Figure 6. Funnel plots of results from seven studies that compare changes in cognitive functioning (A) 
and changes in activities of daily living (B) among patients with dementia receiving ginkgo 
biloba extract or placebo for 22 to 52 weeks 
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Table 2. Risk of different types of biases in the nine included studies 
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other two studies [2223] only provided scale scores at the 
conclusion of the intervention.) In these seven studies 
the standard mean difference (SMD) between the 
intervention and control group for the cognitive outcome 
measure was -0.51 (95% Cl= -0.02 ~ -0.99) and the SMD 
for the activities of daily living outcome measure was 
-0.34 (95% Cl= -0.05 ~ -0.63). Using the GRADE criteria [15] 
to assess the quality of the evidence, the evidence 
supporting both outcomes were considered 'low quality' 
for the following reasons: the heterogeneity of the 
results across studies, the opposite results for younger 
subjects (mean age 60-75) versus older subjects (mean 
age >75), the trend towards a publication bias, and the 
high risk of bias. 

4. Discussion 

4.1 Main findings 

This systematic review identified nine studies with a 
total of 2578 patients with mild to moderate dementia, 
1392 of whom were treated with ginkgo biloba extract 
(GbE) for 22 to 52 weeks and 1186 of whom were treated 
with a placebo. Meta-analysis of six of the studies 
found that GbE was superior to placebo in preventing 
deterioration in cognitive functioning and in activities of 
daily living, but these results were only valid for studies 
with younger subjects (with a mean age below 75). 
This age-based difference in effectiveness parallels two 
previous studies: our own previous work [31] found that 
community-based elderly under 75 years of age were 
most susceptible to the effects of cognitive aging and a 
large 2008 randomized controlled trial found that GbE 
was not effective in preventing dementia in the very old 



(i.e., over 75 years of age) with normal cognition or mild 
cognitive impairment. 

We found no significant differences in treatment 
outcome by dosage of GbE and we were unable to 
determine the potential effect of different durations of 
treatment, but these negative results may be because 
the small number of included studies made it impossible 
to distinguish the independent effects of age, dosage 
and duration of treatment. 

There were no significant differences in the dropout 
rates between groups or in the overall rates of adverse 
events during treatment (though headaches, dizziness 
and tinnitus were less common in the GbE group than 
in the control group). However, there was considerable 
heterogeneity in the results between the studies 
(primarily based on the age of the subjects) and there 
were several potential biases in the reports, so the 
overall evidence was considered of 'low quality'. 

4.2 Limitations 

Our decision to limit included studies to placebo- 
controlled randomized controlled trials of persons with 
dementia that lasted for a minimum of 22 weeks allowed 
us to focus on the efficacy of GbE for dementia but it lead 
to the exclusion of several studies that lasted for shorter 
periods, that used active controls, and that included 
patients with mild cognitive impairment. This resulted 
in the exclusion of all potential studies conducted in 
China, where GbE treatment typically lasts for three 
months and where GbE is often used in combination 
with other medications. The small number of included 
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studies made it difficult to conduct subgroup analyses 
that may have identified the most effective dosage and 
duration of treatment for GbE. However, loosening the 
inclusion criteria of studies would probably increase the 
heterogeneity between the studies and, thus, increase 
the difficulty of interpreting the results. 

4.3 Significance 

Rapid aging of the population in many countries, 
including China, has increased the perceived importance 
of the prevention and treatment of dementia, both 
by the public and by the medical community. Several 
pharmacological approaches have been tested 
including antioxidants such as GbE, nonsteroidal anti- 
inflammatory agents and others. [3233] But the studies 
that assess these agents often use different doses of the 
target agent, include various adjunctive treatments, use 
different measures of outcome, are subject to a variety 
of biases (strong financial incentives have resulted in the 
heavy involvement of pharmaceutical companies) and 
rarely last longer than six months. Partly due to these 
limitations, there is, as yet, no convincing scientific 
evidence for the efficacy of any agent in the prevention 
and treatment of this devastating condition. Despite 
the lack of definitive scientific evidence, the urgency of 
the clinical need has led many countries to prematurely 
approve GbE for the treatment of dementia : [34 36] GbE is 
widely available as a prescription drug in Germany and 
France and as a nonprescription food supplement in the 
United States, the United Kingdom and Canada. 

This meta-analysis has highlighted serious weak- 
nesses in the available studies about this important 
problem. It is certainly possible that GbE is effective 
for some subgroups of individuals with cognitive 
decline when used at appropriate times, at appropriate 
doses, and for appropriate intervals, but the currently 
available studies are too heterogeneous to differentiate 
individuals for whom GbE may be useful from those for 
whom it is not. 

The one 'signal' that appears from our analysis is 
that GbE may be effective in younger persons with 
dementia. It is possible that younger age is simply a 
marker for less severe dementia so one interpretation of 
the result could be that GbE is more effective for milder 
forms of cognitive impairment or at earlier stages of the 
dementing process. Further large, placebo controlled, 
randomized trials focused on the effectiveness of GbE 
for milder forms of dementia (including mild cognitive 
impairment) that compare different doses of GbE and 
that follow subjects for prolonged periods (at least one 
year) are urgently needed. 
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